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Cerebellar circuit mechanisms which accompany coordinated limb trajectory patterns in the rat:
Use of a model of spontanecus changes in limb coordination

Revearch Objectives

Limb coordination is known to be aitered as 2 function of overall systemic state, such as that asso-
ciated with endogenous variations in hormones (estrous), circadian state and arousal. In parucular,
the estrous cycle is assoclated with significant cyclic improvements in the speed and accuracy of
limb movements in terms of hurdle negotiation and in response to variable acceleration of a traad-
miull. The goal of this proposal is tn quantify elecrrophysiological activity of the rubro-olivo- cere-
bellar circuit of the rat assoclated with these marked alleralions in performance state observed
acruss hormone and circadian states.
1. What changes in clectrophysiclogical activity of tha olivo- cerebellar circuit are observed during
tests of imb coordation?
Kar this and the following aims, chronically tmplanted microwires will simultaneously recond unil
_activity from ensembles of individual neurons within the rostral dorsal accessory olivary nucleus
(DAO) and/or Purkinje cells of the intcymodiate cerebellum. The activity of the circuit will be
assessed during challenges to the sensorimotor system uging paradigma employing constant
speed, variable changes in treadmill acceleration and disrupted Jocomotion in order tv assess mo-
tor-correlated activity from the individual components of the circuit. Activity of the Purkinje cell
is known to be correlated with the step cycle (stance or flexion phase), while the olive sarved to
signal event changes or "motor error”.
2. Can changes in the strength of olivo-cerebellar connections be observed across estrous associ-
ated changes in limb courdination, assessed using crosscorrelation techniques?
3. Do synchronized olivary oscillations alter across cstrous- associated performance state? Rhyth-
mie¢ olivary discharge has been described as a putative internal timing mechanism that facilitates
rapid, alternating mavements of the limbs, one parameter improved on estrus. Therefore, popula-
tions of olivary neurons will be monitored acruss hormone state Lo delennine the degree of syn-
clronized rhythmic behavior during rapid locomotion paradigms.
4. Do center-surround properties of Purkinje calls change across hormone state? The contrast
sharpness of center-surround Purkinje cell activity will 2150 be tested to determine whether reso-
lution of this system improves as mb coordination impruves.

Research Status

94-28335

A

Results

For this protocol Purkinje calls within the paravermal cerebellum were recorded using chroni-
cally implantad microwires to allow up to 23 individual single units to be discriminated from one
rat. Discharge can then be assessed during treadmill locomotor paradigms across hormone state
(estrous cycle). The night of estrus (high circulating levels of estradiol and progesterone) is associ-
ated with iproved Ymb coordination.
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1. Changes in movement-corzelated Purkinje cell discharge across the estrous cycle

Discharge (simple spike) recorded from individual Purkinje cells during treadmill locomotion
(tread on) was significantly greater than discharge recorded during the stationary phase (tread off)
in 85% of the cells recorded. Both the circadian and estrous cycles were associated with changes in
the magnitude of this locomotorcorrelated discharge relative to discharge during rest. When the
population data is summarized, a number of significant changes can be noted across the estrous
and circadian cycles: The maximal lacomotor-correlated discharge (trd on) recorded from a Purk-
inje cell accurred on the night of BE (dark) relative to other days of the estrous cycle (P<0.05). In
the ight, locumolor discharge was grester during proestrus, the day when drculating Ea levels
peak, compared with similar discharge recorded during other phases of the cycle (P<0.01). In con-
trast, the arcadian cycle was not associated with alterations in the magnitude of locomotor-corre-
lated discharge recorded on diestrus. Locomotor<orrelated discharge was also greater at the faster
treadmill speed (P<0.001) versus the slower speed, and sstrous cycle changes in lacomotor corre-
lated discharge were also more apparent when tested in rats run at 11 rather than 4 an/sec. These
results are representative of 43 cells (10 rats, 3-5 cells/rat) for the light phase and 49 cells (10 rats,
2-6 cells/rat) for the dark phase of the light:dark cycle.

Estrous cycle changcs in the step-swing cycle

The step cycle can be described as a 5 stage event and for this study is comprised of: footfall,
stance, early thrust, lale thrust (or flexdon) and swing phases. The duration of these step cycle
phases was nsscssed for rats on estrus and diestrus. Resuits of videotape analysis of behavior
indicate that the early and late extensor thrust phases of the step cycle are shorlened by approxi-
mately 275 msecs when evaluated on the night of BE compared with values obtained on D.

Estrous cycle changes in stcp cycle-correlated discharge

Purkinje cell discharge recorded during treadmill locomotion in all cases was correlated with
either the stance or the laie thrust (LT or flexion) phase of the stcp-swing cycle, as has been de-
scribed by others (Apps and Lidierth, 198%). The evoked discharge rate of a representative cell
averaged around the LT timepoint (& 200 msec) increaced markedly on BE (from 70 to 92 Hz)
compared with its rate recorded on D, when the rat was run at the faster treadmill speed. In addi-
tion, the dming of this evoked discharge was altered, as the cell began to fire 50 mscc carlier and
decreased discharge 100 msec earlier than when tested on D. In contrast to this finding, a slight
decrease in discharge was noted on BE compared to diestrous values when the rat was run at the
slower treadmill speed.

When the population data was evaluated, maximal discharge from 90% of Lthe Furkinje cells
recorded correlated with the stance phase of the step cycle. When tested at the faster treadmill
speed, locomotor-correlated Purkinje ccll discharge was seen to increase significantly (P<.(2) on
behavioral estrus (B), compared to values obtained nn D, irrespective of the ctrcadian cycle. In
addition, dircharge during the swing phase was either lower or nol significantly different on E
than comparable discharge recorded on D. This differential effect resulted in a greater stop cycle
modulation associnted with an increase in circulating Ez: the step cycle modulatian was five- fold
greater on E (light) and two-fold graater on E (dark) versus comparable diestrous data. (The slep
cycle modulation of discharge exhibited significant differences at a confidence level less than 0.05
for all gruups except for the diestrous-light data.) In addition, the temporal relationship between
increases in Purkinje cell discharge with the onset of the correlated behavior was altered by the
estrous cycle: Correlated discharge tended to precede the step cycle correlate (by a mean 130 msex)
when recorded on E (dark), compared to D (P<0.05).
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The slower treadmill speed was assodiatc. .- significant decreases in both stance-correlated
discharge as well as less significant step cycle modulation for estrous rats compared with data
obtained at the faster speed (P<0.0002). At the slower pace, only estrous rats run in the dark exhib~
ited significant step cycle modulation (P<0.02, stance versus swing-correlated discharge). The cs-
trous-dark stance-correlated discharge was signficantly greater than diestrous-dark data by a
mean 35% (P<0.02); it was also two-fold greater than comparable data recordcd in the light
(P<0.02). However, rats run in tha light at the slower treadmill speed did not exhibit significant
differences across the estrous cycle. Thus, estrous and circadian cycles are associated with changes
in step cycle modulation of Purkinje cell discharge, but this effect is signficantly influenced by the
treadmill specd.

Corrective gait response varies across the estrous cycle

The corrective response to gait perturbation (produced by - - W sly varying the treadmill
speed) was assesscd across the estrous cycle. Both spatial and .omp..t.1 indices of shoulder dis-
placement were lowest, and thus motor performance was optimal, w' -1 _ssessed during Lthedark
on estrus. At this time, displacement of the shoulder averaged 1.5 (+ 0.02) ar. over a 0.5 (x 0.05) sec
period during random changes in treadmill acceleration/deceleration. Both j ":ameters were sig-
nificantly lower during estrus-dark (P<0.05) than during the estrus-light (4.3 £ 1.1 cm; 1.85+ .32
sec) and both diestrus-dark (4.7 + 1.3 cmy; 1.95 £ .42 sec) and diestrus-light (6.6 + 1.4 ey 2.4 +.45
sec) phases. (On diestrus, hormone levels are low during both light and dark.) When assessed
during the light, the spatial, but not the temporal displacement parameter, was signficantly lower
on estrus (P<0.05) than on diestrus. In contrast, there were no significant differences betwecn cither
the spatial or temporal parameters obtaified in the light versus the dark on diestrus.

Estrous cycle effects on Purkinje cell discharge recorded during variable acceleration

To assess changes in olivocerebellar aclivily during gait perturbation the rats were placcd on a
treadmill whase speed (and acceleration/decelcration) was continuously varied. Most neurons
recorded in the cerebellum (39/49) and rDAO (47/59) exhibited increased discharge, relative to
both rest and regular locomotion, during this variable treadmill acceleration paradigm. In general,
Purkinje cell discharge increased at the time uf treadmill onset, and continued to increase to a
plateau during the period of variable treadmill locomotion. The termination of treadmill locomo-
tion was accompanied by decreases in Purkinje cell discharge, which declined to a nadir during
non- movement (treadmill off). Similarly olivary discharge was increased during the variable ac-
celeration paradigm. S

On the night of estrus, movement-correlated discharge increased to maximal levels of 20+ 5.0
Hz by the second half of the locomotor'period, 8 67% highcr activity level than the average rate
of 12+ 3.1 Hz, achieved during the locomotor period on the day of diestrus (P<0.05). Purkinje cell
discharge during non-movement was also greater on estrus (P<0.05) than diestrus. In contrast, at
treadmill anzet, movement- correlated olivary discharge was decreased un estrus versus diestrus
(average frequency 3.8 £ 0.7 vs. 7.6 £ 2.0 Hz, respectively, P<0.05). Olivary discharge during non-
movement was not significantly altered across the estrous cycle.

2. Estrous cycle effects on the strength of olivo~cerebellar cross- correlations
Cross correlation analysis revealed esttuus vycle influences on the strength of olivo-cerebellar
funconal connections, Purkinje cell discharge averaged around the spiking of a rDAO neuron
H;” iggeased by an avcrage of 30 £ 8.1% on estrus compared with values observed on diestrus
<0.05).
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3. Olivary activity across hormona state (light): Variable acceleration paradigm

Use of a variable acceleration treadmil] locomolion paradigm (with random alterations in
sgeed and acceleration) produced olivary discharge rates increased by as much as 21% above those
_ obtained during constant spead locomotion or non- locomotion. ‘I'his increase in discharge during
random (and therefore, unpredictable) changes in treadmill speed may reflect the event signal
function of the inferior olive, as pudictn?:le movement (or lack of movement) increased olivary
discharge very liltle or not at all. Oscillatory activity of this neuronal population is thought to
represent an internnl timing device which, when synchronized, functions ta coordinate activity of
a sagittal array of Purkinje cells and can fadilitate rapidly alternating movements. Rapidly alter-
nating movements are required by this treadmill paradigin, and performance using this paradigm
is facilitaled on estrus, following elevations in both E2 and P. Therefore, this study was designed
to investigate influences of these hormones, injected separately or sequentially, on the synchro-
nized oscillatory activity of populations of up to 23 neurons recorded per rat.

Hormone treatment markedly enhanced both the synchronized activity and the oscillatory
activity of the population of olivary neurons tested, an effect dependent on the particular steroid(s)
injected. On diestrus Qow hormone state), 40% of the population of 43 rDAO neuruns (assessed in
S rats) discharged synchronously, with 4 of 43 cells exhibiting a 3 Hz oscillation. These results were
obtained during the variable acceleration paradigm, recorded during the light phase of the cir-
cadian cycle when performance has been shown to be less than optimal Progesterone administra-
tion (5 ugs, i.p.) increased to 26 the nuinber of synchronized neurons and increased to 18 the
number of osillating neuron. Following treatment with E2, alone or in combination with F, 90% of
the total olivary population was synchronized. Iowever, only combined hormone trcatment in-
creased Lhe number of neurons exhiditing a 3 Hz oscillation to 80% (36/43 ¢ells). The results ob-
taincd with dual hormone treatment are similar to those nhserved on estrus (ight), following
endogenous increases of these hormones in the dirculation. Administration of Ez alune produced
effects on oscillatory behavior similar tv thuse observed after administration of P alone. Thus,
elevallons in circulating estrous hormones are associated with conversion of a non-oscillating 40%
synchronized population of neurons to one in which 80-90% of the population exhibits synchro-
nized oscillations. Synchronized oscillations predominate during hormonal conditivns of im-
proved performance which require rapid alternations In limb movements.

Synchronized olivary oscillations across hormone state (dark): Variable acceleration paradigm

Thix study assessad the number of synchronized, oscillating olivary neurons recorded during
the dark phase of the light:dark cycle from rats using the variable acceleration treadmill paradigm.
Resulls were then compared across the estrous cycle. In general, performanca on this paradigm is
improved when assetsed during the dark rather than the light phase of the light:dark cycle. Per-
formance i maximal on the night of behavioral estrus following elevations in buth Ez and F. Thus,
this study further investigatex! the hypothesis that improvements in performance on this task in-
volving rapidly alternating changcs in speed are correlated with a higher percentage of synchro-
nized, oscillating neurons within the population tested.

When reconded during the optimal performance state on cstrus, 100% of the 43 neurons re-
corded cxhibited synchronized oscillations. On diestrus, 70% of the olivary papulation recorded
during the dark exhibited synchronized oscilladons. Thus, this finding supports the hypothesis
that there is a correlation between performance arul the degree of synchronized oscillatory behav-
for of vlivary neurons.
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4. Estrous cycle effects on movement-correlated Purkinje cell discharge: Center-surround proper-
tiea

Two types of behavior-neuron correlations were observed during the recording of Purkinje cell
discharge from the paravermal cercbellum (forepaw receptive field) of a rat duning intermittent
locomotion on a treadmill. The majority of the cells tested (39/49) exhibited increased discharge
(simple spike activity) correlated with the stance phase of the step cycle during treadmill locomo-
tion, as has been described in previous reports from our laboratory (Smith et al., 1989) and others
(Orlovsky, 1978; Armstrong and Edglcy, 1984; Apps and Lidierth, 1989). The discharge of the re-
maining sub-population of cells tested was suppressed during treadmill locomotion.

The activity of these two populations of neurons was differentially modified between late
proestrus and estrus fallowing elevations in circulating E2 and . At this time, the activity of the
movement-activated subset of Purkinje cells was increased by an average of 115 £ 10.2%, com-
pared to discharge of the same neurons revorded on diestrus, when hormone levels are compara-
tively lower. In contrast, activity of the movement-suppresscd subset of Purkinje neurons was
further suppressed on late proestrus/estrus compared with diestrous values. For the entire sam-
ple of 10 neurons (of a total 4Y) which exhibited movement- suppression during diestrus, a mean
84.6 = A.7% increase in suppression was observed on estrus (versus diestrus). Thus, increases in
both excitation and suppression of Purkinje cell discharge are observed on estrus, the period of
enhanced limb coordinetion. This may be reflected in an enhancement in the contrast of center-
surround properties of arrays of adjacent Purkinje cells. This increase in gain or "contrast” may

-result in 3 finer resolution of processing, analogous to the role of contrast enhancemnt in visual
perception. A more accurate readjustment of the limb, via gain changes in Purkinje cell discharge
may be the physiological outcome. -

»
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